More ordered, convex ganglioside-enriched membrane domains: the effects of GM1 on sphingomyelin bilayers containing a low level of cholesterol.
The special physical state of the sphingolipid-enriched membranes with characteristic lipid composition, presently one of the most controversial foci in cell biology, provides the essential environment for the proteins inside to be involved in the related physiological processes. The role of gangliosides, an important component of the membranes, deserves attention. The present investigation using several biophysical techniques indicates that ganglioside GM(1) induces the phase separation in the sphingomyelin membrane with 5 mol% cholesterol and regulates the membrane structure. The results of differential scanning calorimetry show that a higher T(m), GM(1)-rich phase emerges behind the lower T(m), sphingomyelin-rich phase with the incorporation of GM(1) into the sphingomyelin/cholesterol bilayers; and the GM(1)-rich phase dominates the membrane when the proportion of GM(1) reaches about 20 mol%. Fluorescence quenching further shows that the separation of the two domains is independent of temperature, occurring both in the gel phase and in the liquid phase. Laser Raman spectroscopy and fluorescence polarization suggest that the order of hydrocarbon chains increases and membrane fluidity decreases with increase in GM(1) content. Use of the fluorescence probe merocyanine-540 and electron microscopy reveals that the insertion of GM(1) leads to an increase in the spatial density of the lipid headgroups and a decrease in the curvature of the sphingomyelin/cholesterol bilayers. In sums, both the hydrophilic sugar heads and the hydrophobic hydrocarbon chains of GM(1) contribute to the regulation of membrane architecture. We suggest that the convex curvature of ganglioside-enriched membrane could be involved in forming and maintaining the characteristic flask-shaped invagination of caveolae.